We report on a study of the process e + e − → π ± (DD * ) ∓ at √ s = 4.26 GeV using a 525 pb −1 data sample collected with the BESIII detector at the BEPCII storage ring. A distinct charged structure is observed in the (DD * ) ∓ invariant mass distribution. When fitted to a mass-dependent-width BreitWigner lineshape, the pole mass and width are determined to be M pole = (3883.9±1.5±4.2) MeV/c 2 and Γ pole = (24.8 ± 3.3 ± 11.0) MeV. The mass and width of the structure, which we refer to as Zc(3885), are 2σ and 1σ, respectively, below those of the Zc(3900) → π ± J/ψ peak observed by BESIII and Belle in π + π − J/ψ final states produced at the same center-of-mass energy. The angular distribution of the πZc(3885) system favors a J P = 1 + quantum number assignment for the structure and disfavors 1 − or 0 − . The Born cross section times the DD * branching fraction of the Zc(3885) is measured to be σ(e + e − → π ± Zc(3885) ∓ ) × B(Zc(3885) ∓ → (DD * ) ∓ ) = (83.5 ± 6.6 ± 22.0) pb. Assuming the Zc(3885) → DD * signal reported here and the Zc(3900) → πJ/ψ signal are from the same source, the partial width ratio Γ(Zc(3885)→DD * ) Γ(Zc(3900)→πJ/ψ) = 6.2 ± 1.1 ± 2.7 is determined. The Y (4260) resonance was first seen by BaBar as a peak in the e + e − → π + π − J/ψ cross section as a function of e + e − center-of-mass (CM) energy [1] . It was subsequently confirmed by CLEO [2] and Belle [3] . Its production via the e + e − annihilation process requires the quantum numbers of the Y (4260) to be J P C = 1 −− . A peculiar feature is the absence of any apparent corresponding structure in the cross sections for e + e − → D ( * )D( * ) (π) in the √ s = 4260 MeV energy region [4] . This implies a lower-limit partial width of Γ(Y (4260) → π + π − J/ψ) > 1 MeV [5] that is one order-of-magnitude larger than measured values for conventional charmonium meson transitions [6] , and indicates that the Y (4260) is probably not a conventional quarkonium state.
A similar pattern is seen in the b-quark sector, where anomalously large cross sections for e + e − → π + π − Υ(nS) (n = 1, 2, 3) at energies around √ s = 10.86 GeV reported by Belle [7] were subsequently found to be associated with the production of charged bottomonium-like resonances, the Z b (10610) + and Z b (10650) + , both with strong decays to π + Υ(nS) and
+ mass is just above the m B + m B * threshold and it decays copiously to BB * , while the Z b (10650) + mass is just above the 2m B * threshold and it decays copiously to B * B * [9] . Their proximity to the BB * and B * B * thresholds as well as their decay patterns suggest that these states may be molecule-like meson-meson virtual states [10] ; a subject of considerable interest [11] .
Recently BESIII reported the observation of a prominent resonance-like charged structure in the πJ/ψ invariant mass distribution for e + e − → π + π − J/ψ events collected at √ s = 4.26 GeV, dubbed the Z c (3900). A fit to a Breit-Wigner (BW) resonance lineshape yields M = (3899.0 ± 3.6 ± 4.9) MeV/c 2 and Γ = (46 ± 10 ± 20) MeV [12] . (Here, and elsewhere in this report, the first errors are statistical and the second systematic.) This observation was subsequently confirmed by Belle [13] . The Z c (3900) mass is ∼20 MeV/c 2 above the DD * mass threshold, which is suggestive of a virtual DD * molecule-like structure [14, 15] ; i.e., a charmedsector analog of the Z b (1610). (BESIII also reported resonance-like structures in charged D * D * and πh c systems at M ≃ 4025 MeV, which may be a charmed-sector analog of the Z b (10650 [16] .) Another possibility is a diquark-diantiquark state [17] . It is important to measure the rate for Z c (3900) decays to DD * and compare it to that of the πJ/ψ.
Here we report the observation of a peak in the (DD 
The BESIII detector is a large-solid-angle magnetic spectrometer consisting of a 50-layer Helium-gas-based main cylindrical drift chamber (MDC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals located inside a superconducting solenoid coil that provides a 1 T magnetic field. An iron flux-return located outside of the coil is instrumented with resistive plate chambers to identify muons. The charged particle momentum resolution for 1 GeV/c charged tracks is 0.5% and the energy resolution for 1 GeV photons is 2.5%. Measurements of dE/dx in the MDC and flight times in the TOF are combined to determine pion, kaon and proton identification (ID) probabilities. The hypothesis with the highest ID probability is assigned to each particle. The detector is described in detail in Ref. [18] .
To study the detector response and identify potential backgrounds, we use samples of Monte Carlo (MC) simulated events that are produced by the EVTGEN generator [19] in conjunction with KKMC [20] , which generates ISR photons, and simulated using a GEANT4-based [21] software package [22] . In addition to signal channels and various potential background processes, we simulated generic events using Born cross sections for charmonium processes that have been measured, Lundcharm to generate production of other, non-measured charmonium states [23] and PYTHIA for unmeasured hadronic final states [24] .
For the π + D 0 -tag analysis, we select events with three or more well reconstructed charged tracks in the polar angle region | cos θ| < 0.93, with points of closest approach to the e + e − interaction point that are less than 10 cm in the beam direction and 1 cm in the plane perpendicular to the beam direction. At least one of the tracks is required to be negatively charged and identified as a kaon. In addition, we require at least two positively charged tracks that are identified as π + mesons. We designate K − π + combinations with invariant mass within 15 MeV/c 2 of m D 0 as D 0 candidates. For events with two or more K − π + combinations, we retain the one with invariant mass closest to m D 0 . For the π − D + -tag analysis, the selection is the same except for the requirement of an additional π − track that is identified as the bachelor pion and the mass requirement
2 to select the D + candidates. The left panel of Fig. 1 shows the distribution of masses recoiling against the detected π + D 0 system [25] , where a prominent peak at m D * − is evident. The solid-line histogram shows the same distribution for MC-simulated
+ three-body phasespace events. Because of the limited phase space, some events from the isospin partner decay π
, where the detected D 0 is a decay product of the D * 0 , also peak near m D * − , as shown by the dashed histogram that is for MC-simulated
Here the mass and width of the Z c (3885) are set to our final measured values. Since the DD * invariant mass distribution is equivalent to the bachelor pion recoil mass spectrum, the shape of the Z c (3885) → DD * signal peak is not sensitive to the parentage of the D meson that is used for the event tagging. The right panel of Fig. 1 We apply a two-constraint kinematic fit to the selected events, where we constrain the invariant mass of the D 
The two distributions are similar and both have a distinct peak near the m D + mD * mass threshold. For cross-feed events, the reconstructed D meson is not in fact recoiling from aD * and the efficiency for satisfying these selection requirements decreases with increasing DD * mass. Studies with phase-space MC event samples show that this acceptance variation is not sufficient to produce a peaking structure.
To characterize the observed enhancement and determine the signal yield, we fit the histograms in the left and right panels of Fig. 2 using a massdependent-width Breit-Wigner (BW) lineshape to model the signal and smooth threshold functions to represent the non-peaking background.
For the signal, we use dN/dm DD * ∝ (k * ) 2ℓ+1 |BW Zc (m DD * )| 2 , where k * is the Z c momentum in the e + e − rest frame, ℓ is the π-Z c relative orbital angular momentum and
and L is the D-D * orbital angular momentum. In the default fits, we set ℓ = 0, L = 0 and leave m Zc and Γ 0 as free parameters. We multiply the BW by a polynomial determined from a fit to the MC-determined mass-dependent efficiency to form the signal probability density function (PDF). Mass resolution effects are less than 1 MeV/c 2 and, thus, ignored. For the nonpeaking background for the M (DD * ) distribution, we use:
, where M min and M max are the minimum and maximum kinematically allowed masses, respectively. The exponents c and d are free parameters determined from the fits to the data. with M D1 = 2421.3 ± 0.6 MeV/c 2 and Γ D1 = 27.1 ± 2.7 MeV [6] , which suggests that contributions from DD 1 (2420) final states, either from Y (4260) → DD 1 decays or non-resonant e + e − → DD 1 production, are beyond the kinematic reach at √ s = 4260 MeV and, therefore, are small. However, some models for the Y (4260) attribute it to a bound DD 1 molecular state [14] , where sub-thresholdD 1 →D * π decays might be important and, possibly, produce a reflection peak in the DD * mass distribution that mimics a Z c (3885) signal.
To study this possibility, we separated the events into two samples according to | cos θ πD | > 0.5 and | cos θ πD | < 0.5, where θ πD is the angle between the bachelor pion and the D meson directions in the Z c (3885) rest frame. The DD 1 MC events predominantly have | cos θ πD | > 0.5 while, in contrast, e + e − → πZ c signal-MC sample has similar numbers of events with | cos θ πD | > 0.5 and | cos θ πD | < 0.5. We define an asymmetry parameter A = (n >0.5 − n <0.5 )/(n >0.5 + n <0.5 ), where n >0. If the J P quantum numbers of the Z c (3885) are 1 + , the relative π-Z c orbital in the decay Y (4260) → πZ c can be S-and/or D-waves. Since the decay is near threshold, the D-wave contribution should be small, in which case the dN/d| cos θ π | distribution would be flat, where θ π is the bachelor pion's polar angle relative to the beam direction in the CM. If J P = 0 − , the decay can only proceed via a P -wave and is polarized with J z = ±1; in this case dN/d cos θ π ∝ sin 2 θ π . Similarly, J P = 1 − also implies a P -wave with an expected distribution that goes as 1 + cos 2 θ. Parity conservation excludes J P = 0 + . We sliced the data into four | cos θ π | bins and repeated the fits described above for each bin. The | cos θ π |-dependence of the efficiency is determined from signal MC event samples. Figure 3 shows the efficiencycorrected fractional signal yield vs. | cos θ π |. The solid (dashed) curve shows the result of a fit to a flat (sin 2 θ π ) distribution. The data agree well with the flat expectation for J P = 1 + , with χ 2 /ndf = 0.44/3 and disagree with those for J P = 0 − , for which χ 2 /ndf = 32/3, and 1 − , where χ 2 /ndf = 16/3. We use the fitted numbers of signal events for the
, and for the
to make two independent measurements of the product of the cross section and branching fraction σ(e + e − → πZ c )×B(Z c → DD * ). We assume isospin symmetry and, for the π + D 0 -tagged channel, use the relation
where L = 525 ± 5 pb −1 is the integrated luminosity, (1+δ) = 0.87±0.04 is the radiative correction factor [28] , ǫ 
− ) = 84.6 ± 6.9 pb, where the error is statistical only.
For the π − D + -tagged channel, we use
, where ǫ 
3 pb (statistical error only) and in good agreement with that for the π + D 0 -tag sample, which justifies our assumption of isospin invariance.
Systematic errors include uncertainties from tracking, particle ID, D mass and decay branching fraction, kinematic fit, signal and background shapes, MC efficiency, Y (4260) lineshape, the radiative correction factor and the luminosity. The uncertainties from tracking and particle ID are both 1% per track. The uncertainties from D selection and the kinematic fit are determined from a e + e − → D * + D * − control sample that has the same final state as the π + D 0 D * − signal events. The variation of the efficiency over the Z c (3885) mass uncertainty range is included as a systematic error. The systematic errors for the luminosity and Y (4260) resonance parameters are taken from Ref. [12] . For the signal shape error we use the difference between the the pole mass & width and signal yield from the fits that use a mass-dependent width (default) and the mass, width and yield from fits with mass-independent-width BW lineshapes. The most significant contributions to the systematic errors are related to the choice of background shape. For this, we compare results from the default fit with those that use a symmetric exponential threshold function and the distribution of wrong-sign πD events extracted from the data. In all the fits used in this analysis, it is assumed that the πZ c (3885) system is produced in an S-wave and the DD * system produced in the decay of the Z c (3885) is also in an S-wave. Attempts to fit the peak using P -wave line shapes all failed to converge. This compatibility with Swave is consistent with the observed cos θ π distribution.
The contributions from each source are summarized in Table II . We assume that the errors from the different sources are uncorrelated and use the sums in quadrature as the total systematic errors.
For the final mass, width and cross section values, we use weighted averages of the results from the two tag modes, with the near-complete correlations between the systematic errors taken into account. The results are listed in Table III , where we also include results for the Z c (3900) → πJ/ψ taken from Ref. [12] for comparison. When statistical and systematic errors are added in quadrature, the Z c (3885) mass is about 2σ lower than that for the Z c (3900) and the width is 1σ lower. * reported here and those for the Zc(3900) → πJ/ψ taken from Ref. [12] .
Zc(3885) → DD * Zc(3900) → πJ/ψ Mass (MeV/c 2 ) 3883.9 ± 1.5 ± 4.2 3899 ± 3.6 ± 4.9 Γ (MeV) 24.8 ± 3.3 ± 11.0 46 ± 10 ± 20 σ × B (pb) 83.5 ± 6.6 ± 22.0 13.5 ± 2.1 ± 4.8
In summary, we report observation of a strong, nearthreshold enhancement, Z c (3885), in the DD * invariant mass distribution in the process e + e − → π ± (DD * ) ∓ at √ s = 4.26 GeV. Attempts to fit the Z c (3885) peak with a P -wave BW lineshape failed to converge, and the | cos θ π | distribution agrees well with S-wave expectations; both results favor a J P = 1 + quantum number assignment. Other J 1 assigments are eliminated.
An important question is whether or not the source of the Z c (3885) → DD * structure is the same as that for the Z c (3900) → πJ/ψ. The fitted Z c (3885) mass is about 2σ below that of the Z c (3900) [12, 13] . However neither fit considers the possibility of interference with a coherent non-resonant background that could shift the results. A J P quantum number determination of the Z c (3900) ± would provide an additional test of this possibility. Assuming the Z c (3885) structure reported here is due to the Z c (3900), the ratio of partial decay widths is determined to be
